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A 67-year-old man with poor left ventricular function due to a dilated cardiomyopathy was implanted
with an implantable cardioverter deﬁbrillator for secondary prevention. Eight years later, he was
admitted to our hospital with worsening of heart failure. An electrocardiogram showed a repetitive
nonreentrant ventriculoatrial synchrony (RNRVAS). RNRVAS is a device-related arrhythmia that can
occur when a dual-chamber pacemaker does not sense a retrograde P wave within the postventricular
atrial refractory period, resulting in a repetitive ventricular pacing and noncaptured atrial pacing after
the retrograde P wave. We suspected that ventricular pacing caused his heart failure and used the
noncompetitive atrial pacing algorithm, which was programmed to prevent RNRVAS. The algorithm
was able to prevent the arrhythmia, and the patient successfully recovered from heart failure.
& 2012 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.1. Introduction
We report an episode of device-related arrhythmia observed
with a dual-chamber implantable cardioverter deﬁbrillator (ICD).
A repetitive nonreentrant ventriculoatrial synchrony (RNRVAS)
[1,2] occurred in a patient with poor left ventricular function due
to a dilated cardiomyopathy and caused the worsening of heart
failure. This pacemaker-mediated arrhythmia can be induced in
patients with retrograde conduction, high basic heart rate, and
long postventricular atrial refractory period (PVARP), and an
algorithm called noncompetitive atrial pacing (NCAP) is effective
to prevent pacemaker-mediated tachycardia.1.1. Case report
A 67-year-old man had been receiving medical treatment owing
to idiopathic dilated cardiomyopathy for 13 years. He was hospita-
lized presenting with a hemodynamically unstable ventricular
tachycardia, which required direct-current cardioversion. An elec-
trocardiogram exhibited a ﬁrst-degree atrioventricular (AV) block
and a QRS duration of 110 ms. On echocardiography, the left
ventricular ejection fraction was 18% but intraventricular dyssyn-
chrony was not observed; therefore, a dual-chamber ICD was
implanted (Maximo DR 7278, Medtronic Inc., Minneapolis, MN).rt Rhythm Society. Published by E
: þ81 6 63410785.
jp (Y. Toyoshima).When his heart rate was 70 beats/min or lower, he complained of
general fatigue and dyspnea on effort, which is possibly due to low
cardiac output. He also had paroxysmal atrial ﬁbrillation. Taking
these into consideration, the programmed parameters were as
follows: mode of DDI, lower heart rate of 80 beats/min, paced AV
delay of 320 ms to reduce ventricular pacing, and PVARP of 350 ms
to prevent pacemaker-mediated tachycardia because he had a
retrograde ventriculoatrial (VA) conduction of 320 ms. As a result,
he had almost 100% of atrial pacing and ventricular sensing (Fig. 1A).
Eight years later, he visited our hospital complaining of
palpitation and shortness of breath. His cardiac silhouette on
chest X-ray was enlarged, and mild pulmonary edema was
observed. His heart rate was 80 beats/min, and an electrocardio-
gram showed repetitive ventricular pacing with prolonged QRS
duration (160 ms) and noncaptured atrial pacing after a retro-
grade P wave, which were typical features of RNRVAS (Fig. 1B).
Echocardiography revealed LV dyssynchrony (septal-to-posterior
wall motion delay, 152 ms). These ﬁndings were indicative of a
worsening of the heart failure and RNRVAS. ICD interrogation
showed that RNRVAS occurred when the retrograde P wave after
premature ventricular contraction (PVC) was not sensed within
the PVARP (Fig. 2) and continued for almost 1 month. A schema of
RNRVAS is shown in Fig. 3A.
Left ventricular dyssynchrony due to repetitive ventricular
pacing and AV dyssynchrony due to uncaptured atrial pacing
were the two suspected causes of his exacerbated heart failure.
Therefore, we chose the NCAP algorithm, designed to prevent
RNRVAS in Medtronic dual-chamber devices (Fig. 3B) [3], as thelsevier B.V. All rights reserved.
Fig. 1. Electrocardiograms recorded after ICD implantation (A) and during RNRVAS rhythm (B). ICD, implantable cardioverter deﬁbrillator; RNRVAS, repetitive
nonreentrant ventriculoatrial synchrony.
Fig. 2. Tracing showing an initiation of RNRVAS by a PVC. Retrograde P wave
(designated AR by event marker) after PVC is not sensed because it is in the
PVARP. This functional atrial undersensing is followed by a functional loss of atrial
capture and the subsequent ventricular pacing repeatedly. PVC, premature
ventricular contraction; PVARP, postventricular atrial refractory period.
Fig. 3. Diagrams illustrating RNRVAS (A) and NCAP (B). (A) RNRVAS can occur
when a retrograde P wave after PVC is functionally undersensed (designated AR by
event markers) within the PVARP. In this situation, after AEI, an atrial stimulus is
delivered but cannot be captured because it is within the absolute Myo RP
generated by the preceding retrograde atrial depolarization. Then, a ventricular
pulse is delivered at the end of the programmed atrioventricular interval (AVI) and
followed by the retrograde venriculoatrial conduction again. (B) NCAP is a
triggered function to make atrial pacing captured. The NCAP algorithm is activated
when an atrial activity (designated AR by event markers) is sensed in the PVARP
and avoids the next atrial pacing for 200–400 ms (programmable duration) after
AR event to prevent from uncaptured atrial pacing during Myo RP. AEI, atrial
escape interval; Myo RP, atrial myocardial refractory period; NCAP, noncompeti-
tive atrial pacing.
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failure. NCAP is a triggered function to avoid atrial pacing
occurring too closely to a refractory sensed atrial event [4]. The
NCAP function was set to 400 ms. An atrial pacing after the NCAP
period was captured successfully, and ventricular sensing was
maintained; hence, RNRVAS was avoided. He recovered from his
low output symptoms and was discharged 26 day later.2. Discussion
Various types of pacing system malfunctions can occur with
dual-chamber pacemakers. The typical form of pacemaker-
mediated tachycardia (PMT) is endless loop tachycardia, which
is characterized as a repetitive reentrant VA synchrony, repeated
when the pacemaker senses retrograde atrial activation and
triggers another ventricular stimulus. The other uncommon form
of PMT is RNRVAS, which is a repetitive sequence of ventricular
pacing, undersensed retrograde P wave due to PVARP, and
uncaptured atrial pacing due to effective refractory period after
atrial escape interval (AEI; Fig. 3A). For each type of PMT, intact
VA conduction is essential. A sufﬁciently long PVARP to prevent
endless loop tachycardia is another factor to predispose patients
to RNRVAS. A long AV interval and a relatively rapid base rate are
also required to shorten the AEI, which allows atrial noncaptured
pacing within the absolute atrial myocardial refractory period [5].
There have been some case reports of RNRVAS [3,4], but the
present case is the ﬁrst report of RNRVAS exacerbating heart
failure. After RNRVAS was avoided with NCAP, the state of his
heart failure improved, indicating that RNRVAS was the trigger for
the worsening heart failure. His bradycardia parameters (a
relatively rapid base rate, a long AV interval, and a long PVARP)
had been programmed to minimize ventricular pacing and to
prevent atrial ﬁbrillation based on the results of the previous
studies. The Dual Chamber and VVI Implantable Deﬁbrillator trial
suggested that unnecessary ventricular pacing might promote
heart failure and worsen clinical patient outcome [6]. Sweeney
et al. [7] found that the risk of atrial ﬁbrillation increased with
increased cumulative percent ventricular pacing. Unfortunately,
in the present case, those parameters programmed to decrease
ventricular pacing rate created, in the contrary, an environment
that could easily lead to RNRVAS and exacerbate heart failure.
Y. Toyoshima et al. / Journal of Arrhythmia 28 (2012) 297–299 299Therefore, we must be careful not to cause RNRVAS especially
in patients with pacemaker parameters such as a relatively rapid
base rate, a long AV interval, and a long PVARP. In such cases, the
NCAP algorithm is effective to prevent RNRVAS, although there is
a possibility that NCAP could also induce RNRVAS [4].References
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